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component, a minor constituent, travels relatively fast  Table 2. Requirements for the demethylation of n~ono-

1. methyl-4-aminoantipyrine by dialyzed rabbit liver homog- and at the front, as is shown in ~ i ~ .  
During the first 6 h r  of resolution, the descending 
chromatogram exhibits this minor component, but  
is lost through diffusion on further development. 
After 48 hr, the descending chromatogram did exhibit 
two components but in a decidedly diffused and 
streaked condition. 

The simplicity and rapidity of the new technique 
affords the laboratory a continuous system f o r  ascend- 
ing chromatography a t  a minimum cost. 
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Recent studies demonstrating that diethylaminoethyl 
diphenylpropylacetate HCI (SKF 525-A) inhibits the 
rate of biotransformation of drugs metabolized by a 
diversity of metabolic pathways (1,2) suggested that 
the tissue catalysts responsible fo r  their metabolism 
possess certain factors in  common. This report de-
scribes experiments which show that common denomi- 
nators in the metabolism of a variety of foreign com- 
pounds (Table 1)are most unusual and include local- 
ization of the enzyme systems in liver microsomes and 
requirements fo r  both reduced triphosphopyridine nu- 
cleotide ( T P N H )  and oxygen. 

enate. 

Amount of 
Additions 4-aminoantipyrine 

formed (pM) 

Complete system* 1.53 
Minus Mgit 0.99 
Minus glucose-6-phosphate 0.87 
Minus nicotinamide 0.15 
Minus TPN 0.14 
Diphosphopyridine nucleotide in 

place of TPN 	 0.20 

* To 2 ml of liver homogenate (1:2 in 0.264 phosphate 
buffer,pH 7.4) were added 100 pM of nicotinamide, 75 pM of 
MgCI,, 0.2 WMof TPN, and 5 pM of monomethyl-4-aminoanti- 
pyrine to  a final volume of 5 ml. Incubation was for  1h r  a t  
3 7 ° C  in air. 

From the results in  Table 2, which show the require- 
ments f o r  the demethylation of monomethyl-4-amino- 
antipyrine in  homogenates of dialyzed rabbit liver, 
i t  is seen that the reaction is enhanced by nicotina- 
mide, triphosphopyridine nucleotide (TPN), Mg++, 
and glucose-6-phosphate. Similar requirements were 
also found f o r  the metabolism of the other drugs listed 
in Table 1. 

The cellular localization of the biochemical reac- 
tions was determined by measuring the activity of  
cellular fractions separated by differential centrifuga- 
tion of liver homogenates (11).Table 3 shows th&t 
both microsomal and soluble fractions of liver a re  
required f o r  drug metabolism. Nuclei and mitochon- 
dria, on the other hand, show virtually n o  activity. 

The role of the soluble fraction i n  the reactions was 
suggested by the afore-mentioned stimulation by glu- 
cose-6-phosphate together with the presence of con-
siderable glucose-6-phosphate dehydrogenase activity 
in the soluble fraction. These observations indicate 
that T P N  might be required in  the homogenate i n  the 
reduced form, TPNH, and that glucose-6-phosphate 

Table 1. Reactions catalyzed by enzyme systems in liver microsomes. Analytic methods are described in the ref- 
erences cited. 

Type of reaction 

Barbiturate side-chain oxidation 

Dealkylation 

Deamination 
Ether cleavage 

Hydroxylation 

Substrate 

Evipal (hexobarbital) 
Nembutal (pentobarbital) 

Pyramidon (dimethyl-4-aminoantipyrine) 

Monomethyl-4-aminoantipyrine 

Monoethylaniline 
Ephedrine 
Benzedrine (amphetamine) 
Codeine 
Phenacetin (p-ethoxyacetanilide) 

Aniline 
Acetanilide 

Products Reference 

Keto-evipal 
Nembutal alcohol and 

( 9 )  

nembutal carboxylic acid 
4-Aminoantipyrine + for-

(4) 

maldehyde 
4-Aminoantipyrine t for-

(5) 

maldehyde 
Aniline t acetaldehyde 

(5) 
(6)

Norephedrine t formaldehyde (7)  
Phenylacetone + ammonia (8)
Morphine f formaldehyde ( 9 )
p-Hydroxyacetanilide t 

acetaldehyde ( 9 )
p-Hydroxyaniline (10)
p-Hydroxyacetanilide (10) 



dehydrogenase or some other TPNH-producing en-
zyme is an important component of the soluble frac- 
tion. Substantiation of this hypothesis was afforded 
by the finding that the substrates in Table 1are me- 
tabolized in washed microsomes incubated with TPN, 
glucose-6-phosphate, and glucose-6-phosphate dehy-
drogenase at  rates comparable to those in the whole 
homogenate. The addition of chemically prepared 
T P S H  to washed microsollies also effects the n~ctabo- 
lism of the various drugs-direct evidence that T P N H  
is involved in the various reactions. I t  may be con-
cluded from these results that the drug enzyme sys- 
tems are located in the microsomes and that the solu- 
ble fraction participates by maintaining TPN in the 
reduced form. 

A number of observations indicate that the rnetabo- 
lic pathways in Table 1are not catalyzed by a single 
enzyme system. F o r  example, microsomes prepared a t  
p H  7.0 rapidly lose their ability to hydroxylate aniline 
and acetanilide but not to dealkylate monomethyl-4- 
aminoantipyridine; SKF 525-A inhibits most of the 
reactions in Table 1but does not appreciably affect 
the hydroxylation of aniline and acetanilide; the in- 
hibitor blocks the ether cleavage of phenacetin but 
not of codeine. 

I t  is unusual fo r  enzyme systems to require both 
T P N H  and oxygen. A common step in  the various 
microsomal reactions could involve the production of 
hydrogen peroxide by the oxidation of TPNI-I. Thr 
generated peroxide might then be utilized by peroxi- 
daselike enzymes to catalyze the transformation of 
the various foreign compounds. I t  is likely that  the 
number of these enzymes is relatively small and that 
they are unusually nonspecific. 

The distribution of the drug enzyme systems in 
various rabbit tissues was examined and, in general, 
the various drugs were found to be metabolized only 
by the microsomes in liver. The localization of these 
functions in liver is of particular interest since it  
imparts an unusual specialization to the submicros- 
copic particles of this tissue. 

T a b l e  3. Cel lu lar  local iza t ion of  enzyme  sys t ems  c a t a -
lyz ing  hyd roxy la t i on  of ace t an i l i de  and deme thy la t i on  of 
monomethyl-4-aminoantipyrine in rabbit liver.* 

P e r c e n t a g e  of  
t o t a l  a c t i v i t y?  

H y d r o x y - Demet l iy-
l a t i on  l a t i o n  

Who le  homogena t e  1 0 0  1 0 0  
Microsomes 1 3 
So lub le  f r a c t i o n  0 3 
Microsomes f soluable  f r a c t i o n  77 102; 

* Incz6butioiz contEitlo?is. Hgdrosyla t ion systenl : Flasks  con- 
tained 1 ml oL li\-er hornogenate ( 1  : 2 )  i n  isotonic KC1, .? pJ1 
of nicotinamide, of TPI\', 10  uM of acetanilide, e n d0.25 ~ ~ 1 1  
0.3 ml of O..?JI tris-phosphete ( 1  : 1 )  buffer, pH 8.5 ; final 
volume, 3..? ml.  Incubetion was  f o r  1 h r  a t  37'C in  air .  Ueal- 
I~yla t ion systern : As descrihed in Table 2. 

t Whole homogenete activity talcen a s  100 percent. 

I t  is interesting to consider the question of whether 
or not the metabolism of foreign compounds by the 
microsomal enzyme systems is merely incidental to 
the normal regulation of body processes. I n  view of 
the relative nontoxicity of SKF 525-A, one can specu- 
late that these systems are not essential to the normal 
economy of the body, but operate primarily against 
the toxic influences of foreign compounds that gain 
access to the body from the alimentary tract. 
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Dicentrics in Wheat 

J. W. Morrison 
Cereal Crops Division, Central Experime~ztal Farm, 
Ot tawa,  Ca~zada 

Dicentric chromosomes are chromosomes that have 
two centromeres. They are no longer oddities in bio- 
logical research because they commonly occur after 
breakage and reunion in chromosomes follo~ving ir- 
radiation or a treatment with some radiomimetic sul.1- 
stance. No observations of the behavior a t  meiosis of 
artificially produced diccntrics have been reported, 
because few of them have persisted. Usually they are 
altered or eliminated in the mitotic divisions and do 
not reach the germ line. There have been only a few 
naturally occurring dicentrics ( I ) .  Two naturally oc-
curring dicentrics persisted in wheat and have bee11 
studied a t  both mitosis and meiosis (2) .  The behavior 
of dicentrics a t  meiosis is especially interesting be-
cause the centromere plays an important role in pair- 
ing, chiasma formation, and chromosome movement- 
phases of activity about which there is still very little 
known. This report concerns the progress of a 2-yr 
investigation into a possible source of dicentries. 

I n  a previous paper I outlined a theory f o r  the 
formation of dicentric chromosomes. I proposed that 
the dicentrics arose after fracture of univalent chro- 
mosomes a t  meiosis with the fusion of two broken 
ends in a subsequent resting stage. This theory waq 
based on observations of meiotic stages in parental 
pentaploid material and also, of course, on the occur- 
relice of a diwntric chromosome in one plant of an 
F, progeny. To test this hypothesis further, the inter- 
specific cross T~iticum aestivz~m ( 2 1 2  = 42)x T.dz~rurn 


